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® Heat exchange reforming process and reactor system. 

® The present invention relates to a process for steam refbmning of hydrocarbons and a reactor system for 
carrying out th© process. In particular, the Invention relates to a process for steam reforming of hydrocarbons in 
tiie presence of a catalyst during which process heat from a product stream of reformed gas is utilized to supply 
heat required for the endothennlc reforming reactions in a process gas of hydrocarbons and steam by indirect 
heat exchange between she product gas and process gas. 




Rank Xerox (UK) Business SeMcQs 



EP0440 258A2 



HEAT BCCHANGE REFORMING PROCESS AND REACTOR SYOTEM 



The present Invention relates to a process for steam reforming of hydrocarbons and a reactor system 
for canying out the process. In particular, the Invention relates to a process for steam refonning of 
hydrocarbons In the presence of a catalyst during virhlch process heat from a product stream of refomied 
gas Is utilized to supply heat required fbr the endothermic refonning reactions In a process gas of 
5 hydrocarbons and steam by Indirect heat exchange between the product gas and process gas. 

The ©ndothennic reactions, occuMng during steam refonning of hydrocariwns can be illustrated by the 
following reaction schemes: 

(1) CH* + H2O <=> CO + 3H2 (-AH%98 = -49,3 kcalMiol) 

(2) CH4 + 2HiiO <=> 002 + 4H2 (-AH'298 = -39,4 kcal/mol) 

10 Conesponding reaction schemes can be established for steam refomiing of higher hydrocarbons. The ^ - 
endolhennic reactions (1) and (2) occur In the process gas when It is passed through a steam refonning 
catalyst at steam refonning conditions. Necessary heat for reactions (1) and (2) Is conventionally supplied 
by combustion of fuel In a radiant furnace chamber in which tfie catalyst Is ananged in vertical tubes 
extending tiirough tiie chamber. 

16 It Is known to supply a part of tfie heat by utilizing a product stream of refonned gas as a source of 
heat Such a process Is mentioned In US Patent 4,182^90. wherBin during a sequence of primary and 
secondary refomiing a portion of tiie hydrocarbon feed is heated tn a heat exchanger reactor by indirect 
heat exchange wfth the effluent from tite secondary reforming In counter-flow to tiie hydrocarix)n feed 
suK>|ectod to primary refixmlng. Counter-flow heat exchange In steam lefomilng processes witii a product 

so stream from a secondary refonner is further mentioned In EP Patent 194,067 and EP Patent 113,198. 

US Patent 4.678,600 and US Patent 4.830,834 disclose a reforming process by counter-flow and 
paralleWtow heat exchange witii flue gas from a burner and refonned product gas and a heat exchange 
rofomrUng reactor comprising concentric anranged a burner chamber, an Inner catalyst chamber and an 
outer catalyst chamber Ibr canrylng out ttie heat exchange steam refonning process. By the disclosed 

2S process and reactor a process gas of hydrocarbon feed and steam Is passed tiirough tiw outer catalyst 
chamber in counter-flow and In Indirect heat exchange simultaneously witfi moderately hot flue gas from tfie 
bumer chamber and a refonning product stream teaving tiie Inner catalyst chamber. The process gas Is 
subsequentiy passed flvough tiie second catelyst chamber In parallel-flow and indirect heat exchange witii 
tiie hot fiue gas from ttie bumer chamt)er. 

30 The known heat exchange refomning processes Improve tiie process economy by using hot gases 
obtained In a secondary refonning process for ttie heat demanding primary refonning process. However, 
none of tfie known processes takes precaution against corrosion problems, occurring on tfie materials u^ 
In heat exchange refonning reactors. 

It is known tfiat a refonned gas having hydrocaribons wHh a high carbon monoxide content causes 

36 strong carburizing reactions on ttie metallic materials used for tfie equipment being In contact witfi tiiose 
gases. The result is local mechanical fracturing of tfie material surface layers, witfi subsequent pitting or 
breaking-up of protective scales, as filamente or a fine dust This phenomenon, known as metel dusting, 
occurs witfi different metallic materials wfthln different temperature ranges. Thus, to prevent metal dusting 
and consequent disruption of tfie refonning process certain prohibit metal temperatore ranges shouW be 

40 avoMed during heat exchange refonning. 

It Is, tfierefbre, an object of ttie present Invention to provide a process for steam refomiing of 
hydrocarbons by which heat from a reformed product gas stream is utilized at optimum conditions and in 
which prohibited metal temperatures are avoided at which metal dusting occur. 

It is further an object of tfie invention to provide a reactor system for carrying out ttie process. 

45 Pursuant to ttie main concept of ttie present Invention, ttie above and otfier objectives are realized in an 
Improved process for steam refomiing of hydrocartwns by primary and secondary refonning. ttie Improve- 
ment of which comprises: 

(I) reacting a process gas stream of hydrocartwn feed and steam In a first gas heated reactor in ttie 
presence of a steam refomiing catelyst to a partially primary refonned process gas stream by Indirect 
60 heat exchange witti a moderately hot product gas stream from ttie shell side of a second gas heated 
reactor Introduced Into ttie shell side of tiie ttie first gas heated reactor In counter-ftow to tfie reacting 
process gas stream In tfie first gas heated reactor; 

(ii) dividing the partially primary refonned process gas stream from tfie first gas heated reactor Into a first 
and second substream; 

pii) reacting tfie first substfeam in ttie presence of a steam refonning catalyst In a convective heated 
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tubular reactor fumaco to a primary reformed gas stream; 

(Iv) reacting the second sutjstream in the second gas heated reactor In the presence of a steam 

reforming catalyst by Indirect heat exchange with a hot product gas stream from an adiabatic secondary 

reforming reactor introduced Into the shell side of the second gas heated reactor in parallel-4low to the 

reacting second substream in the second gas heated reactor to provide a primary reformed gas stream 

and to cool the hot product gas stream to the moderately hot product gas stream; 

(V) combining the primary refonfned gas stream obtained in step (ill) and (iv); and 

(vl) reacting the combined primary reformed gas stream in the adiabatic secondary reforming reactor 

an o)ddant gas In the presence of a secondary steam reforming catalyrt 
stream. 

Hydrocarbon feed for the primary refbrming precess may be any hydrocartjon. hydrocarijon fraction, or 
mixture of hydrocarbons conventionally used as feed for steam hydrocartjon refonning. Typical feeds are 
natural gas. refinery off-gases, liquified petroleum gas, and various naphtha fractions such as fight 
petroleum distillates. In order to be suitable as feed for steam reforming, the hydrocarbon feed Is usually 
subjected to desulphurization to reduce Its total sulphur content betow 1 ppm by weight 

Steam Is added to the hydrocarbon feed In an amount by which a process gas is provided having a 
steam to cartoon ratio suffidenlly high to prevent carbon deposition on the refomiing catalyst when passing 
through the catalyst As used herein below, the steam to caibbn ratio is expressed in tenns of rtiol steam 
per atom carbon. 

The primary steam refomiing reactions In the precess gas are initiated by contectfng ttie feed witfi tfie 
steam refomiing catalyst ananged in the first gas heated reactor. The temperatuie of the process gas at ttie 
Inlet of tiie catalyst is typically 4O0'c to 700" C and steam reforming is carried out at steam to cartjon 
ratios off between 1.1 and 7.0, preferably 2.0 to 4.5. For economic reasons, the steam refbmiing process is 
conducted at elevated pressure of about 2-60 bar. Wltiiin tills range tfie operating pressure can be adjusted 
to a pressure at which tiie product stream will be utilized or subjected to further processing, for Instance to 
30-40 bar. 

The conditions used In ttie tubular reactor furnace and ttie adiabatic secondary reforming reactor are 
conventional. Thus, ttie steam reforming catalyst for ttie primary refonning may be any of tiie commercially 
available steam reforming catalyste. The catalytic active component of such catalysts is metallic nickel, 
usually supported on ceramic carrier materials. Suitable catalyste for ttie secondary refonning are nickel or 
mixtures of nickel oxide and metal oxides, such as tiie nickel oxide catalyst promoted witfi iron oxkJe, cobalt 
oxide or magnesium oxide disclosed in US Patent 3.926.583. 

The temperatore of ttie combined primary refomned gas stream at ttie inlet of ttie adiabatic reactor may 
vary within 700 C and 900 C. depending on ttie operating condition in ttie primary reforming process and 
raises to between 800 C and 1100 ' C at tiie outlet of ttie adiabatic reactor by reaction witti tfie oxidant gas. 

In a prefenred embodiment of ttie Invention tiie oxidant gas conslste of air giving a product gas useful 
for the production of ammonia, it may be turttier preferable to use oxygen or oxygen-enriched air. for 
instance in ttie preparation off synttiesls-gas tor ttie production of oxygenated hydrocartjons. such as 
alcohols, ettiers or carboxy compounds. 

Thus In stfli a prefenred embodiment of ttie invention oxygen or oxygen-enriched air is used as oxidant 
gas during the secondary nsformlng process. 

An essential feature of ttie process according to ttie Invention Is ttie distribution of heat contained In ttie 
product gas from tiie adiabatic reactor. The hot product gas leaving ttie adiabatic reactor at a temperature 
of between 900 C and 1100 C Is passed to ttie second gas heated reactor supplying heat to ttie primary 
refbnming reactions by flowing at ttie shell side of ttie reactor in parailel-fiow and Indirect heat exchange 
wrtii tiie process gas at ttie tube side of ttie reactor. Thereby ttie hot product gas is cooled to a moderately 
hot product gas, ttie heat content of which is used In ttie first gas heated reactor to supply heat for ttie 
refonning reactions by Indirect heat exchange witfi tiie process gas In counter-flow witfi flie moderately hot 
process gas. 

By combination .of parallel-flow and counter-flow heat exchange and by adjustment of ttie split ratio in 
ttie partially primary reformed gas leaving ttie first gas heated reactor and being distributed to ttie reactor 
furnace and tfie second gas heated reactor ttie temperature of reactor tubes in ttie gas heated reactore can 
be kept outside tfie critical temperature ranges, where severe metal dusting is known tb occur on tfie 
metallic materials used for tfie tubes. 

A further object of tfie present Invention is to provide a reactor system for carrying out tfie Improved 
process, which reactor system comprises: 

ffl a firat gas heated reactor witfi refonning tubes for partially primary reforming of hydrocartwn feed witti 
steam, adapted to recehre heat by indirect counter-flow heat exchange witti a moderately hot product gas 
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stream Introduced into the shell side of the reacton 

(il) means for dividing the partially refonned process gas from the first gas heated reactor into a flret and 
second substreanri; 

(Di) a tubular reactor furnace with refonnlng tubes and means fbr producing radiant heat by burning fuel. 
6 adapted to raeehre and react the first substream to produce a primary reformed gas stream; 

(hf) a second gas heated raaclor with refonning tubes for receiving and primary refonnlng the second 
substream. adapted to receive heat by Indirect parallel-flow heat exchange wHh a hot product gas stream 
Introduced Into the shell side of the reactor and to cool the hot product gas stream to the moderately hot 
product gas stream; 

10 (v) means for comlrfning and passing the primary refonned gas stream obtained In the tubular reactor 
furnace and In the second gas heated reactor to an adiabatic secondary reforming reacton 
(vl) means for passing an oxidant gas to the adiabatic secondary refonnlng reactor; 
(vli) the adiabatic reactor adapted to recehre and react the combined primary reformed gas stream with 
the oxidant gas to produce the hot product gas stream; 

18 (vfll) means for passing and introducing the hot product gas stream from the adiabatic reactor Into the 
shell side of the second gas heated reacton and 

(be) means for passing and Introducing the moderately hot product gas stream from the second gas 
heated reactor to the first gas heated reactor. 

The above and other objects and aspects of the present invention will become more apparent from the 
20 following detailed description with reference to the accompanied drawings. In which: 
Fig. 1 shows a simplified flow diagram of the Inventive process; 

Rg. 2 Is a longitudinal section of a gas heated reactor assembly according to one embodiment of the 
invention; and 

Rg. 3 Is an enlarged section of a part of the reactor assembly shown In Fig. 2. 

25 Rg. 1 shows a flow diagram of a steam refonning process according to one embedment of the 
Invention pertonned in a reactor system comprising two gas heated reactora in series. The Figure is 
simplified and various installations, such as valves, pumps and equipment for preheating and puriflcatton of 
the hydrocaribon fbed, which are well known in the art are not shown In the Rgure. 

A purified process gas stream 10 corrtalnlng hydrocarilwn feed and steam is preheated in known 

30 manner to a temperature of about 500-600*0 by heat exchange with product gas stream 26 leaving gas 
heated reactor 11 at a temperature off about 55^650*0. The preheated process gas is disfn'buted and 
passed through a number of efengated tubes 31 arranged in the first gas heated reactor 11. Tubes 31 are 
filled with a conventional reforming catalyst A hot product gas 22 teaving adiabatic reactor 17 at a 
temperature of about 950-1050' C is cooled to a moderately hot product gas in second gas heated reactor 

35 19, as further described below. The moderately hot product gas 24 is introduced at a temperature of about 
810^00 C into the shell side of firet gas heated reactor 11 to supply heat for the refonning reactions, which 
occur In the process gas passing through tubes 31 In heat exdwnglng relationship with the moderately hot 
product gas flowing at the shell side of tubes 31 In counter-flow direction with the process gas. Thereby the 
wall temperature of tubes 311s kept at temperatures of about 500-600 * C at the Inlet skle and 650-770* C at 

40 the outlet side of tubes 31. 

During Ite passage through the first gas heated reactor 11 the process gas Is converted to a parflaUy 
primary refonned gas 12, which teaves reactor 1 1 at a temperatore of about 610^0* C. Qas 12 Is divided 
In tee 30 to substream 14 and substream 18. The tee 30 may be va^e guided allowing distribution of gas 
12 Into substream 14 and 18 In variable split ratios. Between about 20 and 60% by volume of the partially 

45 primary refonned gas 12 Is passed as substream 18 to the second gas heated reactor 19. The residue of 
gas 12 Is Introduced by substream 14 into a conventional refonner tobe fomace 15, comprising side-fired 
refonner tubes 35 fined with refonning catalyst for finally primary refonning of the parfially primary refonned 
gas In substream 14. 

The partially primary refonned gas In substream 18 is converted to primary refonned gas by passage 
50 tiirough elongated tubes 33, which are arranged In reactor 19 and filled wfth primary reforming catalyst 
Necessary heat for the endotfiennic refomiing reactions In tiie gas are supplied by indirect heat exchange 
wfth tiie hot product gas 22 from tiie adiabatic reactor 17 Introduced Into tiie shell skie of reactor 10 In 
paralleMlow witfi the gas 18 in tubes 33. The hot product gas 22 Is. thereby, cooled from temperature of 
about 950-1100 C at tiie Inlet of reactor 19 to an outiet temperature of about 810-900* C and passed as ttte 
55 moderately hot product gas 24 to tiie first gas heated reactor 1 1 . as described above. 

. The temperatore at tiie walls of tobes 33 ranges from between 880* C and 910' C at tiie Inlet side to 
between 780-890 C at tfie outiet side of tobes 33. The actoal temperatore depends, tiiereby, on tiie amount 
off substream 18, which Is passed to reactor 18 by adjusting the spilt ratio In gas 12 by tee 30. 
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Thus, by controlling the amount of the partlaliy primary refonmed gas passed by substream 18 to 
reactor 19 and by counter-flow and parallel-flow heat exchange In gas heated reactor 11 and 19 
respectively, ft Is possible to control the temperature In the metallic materials used for the gas heated 
reactors. Critical temperature Intervals are, thereby, avoided, where severe metal dusting occurs on the tube 
walls In the gas heated reactors 1 1 and 1 9. which are In contact with product gas 22 and 24 having a high 
content of carbon monoxide. 

The effluents from reactor 15 and 19, containing primary refbnned gas 16 and 20 are combined and 
Introduced Into adiabatic reactor 17 having a bed of conventional secondary reforming catalyst 29. To carry 
out the secondary reforming process oxidant gas 28 is also introduced into the reactor 17. Heat Hberaled 
during the partial oxidation of hydrogen and hydrocarbons contained In the primary refbnned gas raises the 
temperature of the gas from about SWWOO'C at the inlet to about 1000-llOO'c at the outlet of adiabatic 
reactor 17. 

The secondary refonned gas leaving adiabatic reactor 17 as hot product gas 22 Is passed Id the shell 
side of reactor 19, where It Is cooled to moderately hot product gas 24. which and further is passed to the 
shell side of reactor 1 1 , as described above more detailed. 

The configuration and operation of a specific embodiment of tfie reactor system according to the 
Invention Is illustreted by Rg. 2, showing a longitudinal section of tiie gas heated reactor assembly. 
The reactor fumace and adiabatic reactor are conventional and not shown In ttte Rgure. 
The gas heated reactor assembly comprises counterflow heat exchanger reactor 11 and parallel-flow 
20 heat exchanger reactor 19 connected to reactor 11 by connection section 24. 

Reactor 11 and 19, have upper sections 111. 191 and lower sections 113. 193 confined by pressure 
shells 110. 210. respectively, which In tiie lower sections 113, 193 are Insulated by heat resistant Insulation 
120, 220 adjacent to tiie pressure shell 110, 210. Suitable Insulation materials may be any of the heat 
resistant materials such as flre-briclcs and concrete able to wtthstand high temperatures. 
25 The upper section 111 and 191 of reactor 11 and 19 respectively, are provided witti connection piece 
150, 250 Including manhole 130. 230 and lid 140 and 240. 

Reactor 11 and 19 contain a plurality of refonnlng tubes 31, 33. which inlet sides 311. 331 extend 
tivough tubesheets 313. 333 and are mounted In tubesheets 313, 333 by means of expansion joints 314, 
334 as furtiier described hereinafter wrth reference to Rg. 3. The Inlet sides 311, 331 of reforming tubes 31, 
30 33 are fomied as bottienedcs ensuring optimum distribution of gas flowing to or from ttie shell side of tubes 
31, 33. Tubes 31 , 33 are connected at ttieir arched bottoms 312. 332 to gas outiet pipes 315. 335 inside tiie 
tower sections 113, 193 of reactor 11 and 19. Gas outiet pipes 315. 335 extend tiirough the bottom of 
pressure shell 110 and 210, respectively, which at tiie trensrt points of outlet pipes 315. 335 are tightened 
by cyHndrical temperature gradient compensation tubes 316, 336. which surround gas outiet pipes 315, 335 
35 adjacent to the transition point and are fastened to tiie outside of tiie pressure shells 110, 210. 

Process gas Is Introduced Into reactor 11 by inlet pipe 10 connected to inlet piece 150 and furtiier 
distributed to reforming tubes 31 from enclosure 112 at tiie upper section 111 of reactor 11. The gas is 
partially primary refbnned by passage tiirough a reforming catalyst loaded in refonnlng tubes 31. As 
described herein before necessary heat for tiie refomning reaction Is supplied by a moderately hot product 
40 gas conducted from reactor 19 to tiie shell side of reactor 1 1 via connection section 24, Section 24 is lined 
witi) refractory insulation material 241 . in order to avoid loss of heat from tiie moderately hot product gas. 
The moderately hot product gas introduced adjacent to tiie bottom of tubes 31 flows at tiie shell side of 
tubes 31 In counter-flow to tfie reacting process gas in tfie tubes and leaves reactor 11 tiirough outiet 26 
adjacent to tiie Inlet side 311 of tubes 31. Heat Is tiiereby transf^nred to tfie reacting process gas by Indirect 
45 heat exchange witii the moderately hot product gas. 

The partially primary refbnned gas leaves tubes 31 via gas outiet pipes 315 and Is collected in gas 
collector 318 connected to ttie outiet pipes 315 outeide reactor 11. From collector 318 tiie gas is passed in 
pipe 12 to tee 30. Tee 30 Is provided witfi tiirottfe valve 141. which regulates tiie amount of partially 
refonned gas being introduced Into reactor 19 via pipe 18 and connecting piece 250. From enclosure 192. 
sftuated in tfie upper section 191 of reactor 19. tfie gas Is distributed to refonnlng tubes 33 loaded wWi 
primary refonnlng catalyst By passage tiirough tiie catalyst tiie partially primary refbnned gas Is converted 
to a primary refonned gas. leaving reactor 19 In outiet pipes 335. Pipes 335 are connected to gas collector 
330 outside reactor 19. The primary refbmned gas collected In gas collector 330 is passed via pipe 20 to an 
anabatic reactor (not shown) for further processing. Necessary heat for ttie reforming process occurring In 
tiie partially primary refonned gas In tubes 33 is supplied by a hot pitxluct gas from tfie adiabatic reactor. 
Iho hot gas is introduced into reactor 19 tiirough inlet 22 adjacent to tiie Inlet side 331 of tubes 33. The hot 
product gas flows, tiiereby. on tiie shell side of tobes 33 in parallel-flow and heat exchanging relationship to 
ttie reacting gas in tobes 33 and Is cooled to tiie moderately hot product gas, which leaves reactor 19 
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20 



through connection section 24 for being passed to reactor 11. 

te ^^"^^ ^ "P**^ embodiment of ttte gas heated reactors 11. 10 shown In Rg. 2 
fe the configuration and inslallallon of reforming tubes 31. 33 as shown In more detail In Ra 3^lch Is an 

^nnlng tubes In reactor 19 Is constnicted In similar manner tothatofreactorllandmrtshownln!! 

Tub^l 'n^^^l^^S^.^.^^^ at the Inlet side 311 extending through tubesheet 313. 
I uoes ai are fastened on tube^ieet 313 by expansion joints 314. 

J^. ^'Pf^o" Jolnte 314. are fonned as metallic bellows concentric sumwndlng the UDoer ends of 
S^a 'T.'H^r^V'*!!^ upper ends 314a of expansion Sts 314^1^2^ 

2 ^.^L^ ^ *^ aiS thereby prevldinH 

of W»e8 31 In tubesheet 313. which allows them«l expansion of ie tubes /te 
mentioned herembefbre the miet ^des 811 are fomwd as botaened^. which mZlmlZ^i^ 
ZSfl "^T" "ir^ '^'^ ^''"3 place and on the other hand previdwiXS^J 
gas at the sheB side of tobes 31 by a reduced pressure drep du^ to ttHdenSd 
space obtained by narrowino the diamwer of the the Inlet side 311 of tfie tubes. 

Example 

In the foUowlng example the invention is applied In 3 computation models lllustreting the advantege of 
*8|^ and reactor sj^tem according to one embodiment of the lm«ntlon In *e preparad^ o 
synthesis gas for ammonia production. k^k-wwi «i 

A process gas having the toHowing composition in mole%: 





Qi 


0.00 




Ha 


1.01 




B2O 


70.45 


Nj 


0.35 




CO 


0.00 




CO2 


0.04 


35 


Ar 


0.00 




CH4 


28.14 



60 



as 



fe preheated to 510 C and passed to the first gas heated reactor 11 (Rg. I). By passage through reactor 11 
fte process gas Is reacted to partially primary reformed gas 12 by Indirect heat exchange wHh modeiatelv 
«lKf r^'*- '^.'^'^ ^ ^2 is divld'ed to substream^sXZnm^ 

a 2«t ratio Of stream 14:18 of 3.4 (computelion model 1). 1.8 (computaton model 2) and (iJ^^SZ!^ 

J? T^^. ^ «'"»»»»^ <fl then converted to primary reformed gas 20 by 

E^^ITS tS^ ? *«**"9e with hot product gas 22 and combined witt. primary 
g^!2t^ """'^ '^•"8 Partally primary 

The combined gases 20 and 16 are finally converted to secondary refbnned oroduct oas 22 in 

^ * ^ raactor 19. and thereby cooled 

to the moderately hot product gas 24. which is conducted to the shell side of reactor 11 and wHhdrawnX 
passage through reactor 11 as product gas 26 for use In ammonia synthesfe. 

^hJULT^ ^J!f^ parametere are summarized m Tabte 1^ below, representing the results 
obtained by computation model 1-3. respectively. a 

shmS in*^!!!^**^ ""^ conespond to the numbers described above and 
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TaUe I 



Position/ 
Stream No. 

TienqpCC) 
Pressure (bar) 
10 Plow(tliniVh) 



10 



12 



560.0 660.8 
35.5 94.6 
121,830 139,680 



18 

660.8 
34.6 
3l,453"» 



20 



14 



865.7 660.8 
34.5 34.6 
38,457 108,227"' 





02 


0.00 


0.00 


0.00 


0.00 


0.00 




Hj 


1.01 


24.88 


24.88 


48.73 


24.88 


IS 


HaP 


70.45 


50.23 


50.23 


30.91 


50.23 




Ha 


0.35 


0.31 


0.31 


0.25 


0.31 




CO 


0.00 


1.56 


1.56 


9.32 


1.56 




CO2 


0.04 


4.86 


4.86 


5.04 


4.86 




Ar 


0.00 


0.00 


0.00 


0.00 


0.00 


ao 


CH4 


28.14 


18.16 


18.16 


5.74 


18.16 




Position/ 














Stream No. 


16 


28 


22 


24 


26 


25 




810.0 


550.0 


1024.1 


895.9 


603.3 




Pressure (bar) 


32.7 


33.0 


31.0 


30.8 


30.8 




PlOW(NlDVh) 


124,528 


50,413 


229,306 


229,303 


229, 29i 



30 



OS 



Gas Con^s. (]aole%) 
O2 
H2 
H2Q 
N2 
CO 
COz 
Ar 
CH4 



Gas Heated Reactor 
^ Catalyst yol{is?) 
No. of Reforming 

Tabes 
Wall T6n^.(*'C) 
of Reforming Tubes 
45 Inlet 
Outlet 
Pressure Drop (bar) 
Shell Side 



0.00 


20.90 


0.00 


0.00 


0.00 


42.63 


0.00 


39.71 


39.71 


39.71 


35.74 


0.41 


27.83 


27.83 


27.83 


0.27 


77.72 


17.27 


17.27 


17.27 


6.53 


0.00 


10.60 


. 10.60 


10.60 


5.60 


0.03 


4.16 


4.16 


4.16 


0.00 


0.94 


0.21 


0.21 


0.21 


9.23 


0.00 


8.21 


0.21 


0.21 


11 


19 








19.6 


7.2 









217 



576.9 
755.5 



0.01 



<l) 



60 



Split ratio of stream No. 



127 

902.2 
884.6 

0.16 
14il8 - 3.4 
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Table 11 



10 



18 



20 



25 



90 



46 



Posltitm-/ 
Stream No. 

Teiiq9(''C) 

PressQre(bar) 

Plow(KmVli) 

Gas Compos . (iiiole% ) 
Oj 
H, 
HjO 
Na 
CO 
CO2 
Ar 
CH4 



Position/ 
Stream No. 

Pire88ure(bar) 
Flow(ltaiVh) 



Gas Compos. (mole%) 
O2 
Hz 
H2O 
N, 
CO 
CO2 

CH4 



Gas Heated Reactor 
40 Catalyst Vol(m') 
Ho. of Rafozning 

Tabes 
Wall Tenqa.CC) 
of Refoxning Tubes 
miet 
Outlet 
Pressure I>rqp(bar) 
Shell Side 



10 



12 



S35.0 642.1 
35.0 34.6 
121,830 137,679 



18 

642.1 
34.6 

49,503"» 



20 

816.5 
34.3 
58,528 



14 

642.1 
34.6 
88,176"* 



0.00 


0.00 


0.00 


0.00 


0.00 


1.01 


22.66 


22.66 


44.02 


22.66 


70.45 


52.09 


52.09 


34.62 


52.09 


0.35 


0.31 


0.31 


0.26 


0.31 


0.00 


1.26 


1.26 


7.05 


1.26 


0.04 


4.53 


4.53 


5.55 


4.53 


0.00 


0.00 


0.00 


0.00 


0.00 


28.14 


19.15 


19.15 


8.48 


19.15 


16 


28 


22 


24 


26 


825.0 


550.0 


1024.1 


859.8 


587.1 


32.7 


33.0 


31.0 


30.9 


30.8 



104,515 50,413 229,305 229,302 229,293 



0.00 


20.9 


0.00 


0.00 


0.00 


44.22 


0.00 


39.71 


39.71 


39.71 


34.46 


0.41 


27.83 


27.83 


27.83 


0.26 


77.72 


17.27 


17.27 


17.27 


7.23 


0.00 


10.60 


10.60 


10.60 


5.47 


0.03 


4.16 


4.16 


4.16 


0.00 


0.94 


0.21 


0.21 


0.21 


8.34 


0.00 


0.21 


0.21 


0.21 


11 


19 








19.6 


7.2 









217 



555.5 
729.6 



127 



879.1 
840.8 



so 



0.02 0.15 
Split ratio of stream No. 14tl8 » 1.8 
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Table IXI 



Position/ 
Stream No. 

Ten^('*C) 

Pres8ure(baz> 

Plow(HaBiVh) 

Gas Compos. (]nole%) 
Oi 
H, 
H,0 

»j 
CO 

C02 ■ 

Ar 

CB4 



Position/ 
Stream No . 

Tfflap("C) 

Pre88ure(bar) 

Plow(ltoVh) 

Gas Conqpos . (nole% ) 
O2 
H2 

N, 

CO 

CO, 

Ar 

CH4 



Gas Heated Reactor 
Catalyst Vol(w*) 
Mo. of ReforniAg 

Tabes 
Wall Tenp. ("C) 
of Reforming Tubes 

Inlet 

Outlet 
PnsBure Drop (bar) 
Shell Side 



10 



12 



510.0 624.2 
35. 5 34.6 
121,830 135,861 



18 

624.2 
34.6 
79,201"* 



20 

766.1 
33.9 
90,202 



14 

624.2 
34.6 

56,660"' 



0.00 


0.00 


0.00 


0.00 


0.00 


1.01 


20.54 


20.54 


38.50 


20.54 


70.45 


53.87 


53.87 


39.03 


53.87 


0.35 


0.32 


0.32 


0.28 


0.32 


0.00 


1.02 


1.02 


4.82 


1.02 


0.04 


4.18 


4.18 


5.84 


4.18 


0.00 


0.00 


0.00 


0.00 


0.00 


28.14 


20.07 


20.07 


11.53 


20.07 


16 


28 


22 


24 


26 



900.0 
32.7 
73,022 



550.0 1027.5 
33.0 31.0 
50,413 229,355 



825.5 571.2 
30.9 30.8 
229,357 229,362 



0.00 


20.9 


0.00 


0.00 


0.00 


50.97 


0.00 


39.71 


39.71 


39.71 


29.18 


0.41 


27.84 


27.84 


27.84 


0.24 


77.72 


17.27 


17.27 


17.27 


10.58 


0.00 


10.63 


10.63 


10.63 


4.66 


0.03 


4.14 


4.14 


4.14 


0.00 


0.94 


0.21 


0.21 


0.21 


4.37 


0.00 


0.20 


0.20 


0.20 


11 


19 








19.6 


7.2 









217 



534.2 
705.5 



127 



830.3 
793.2 



0.02 0.15 
"' Split ratio of stream NO. 14il8 = 0.7 



As apparent from Ihe results In Table 1-3. the temperature of the tube walls in the gas heated reactora 
11 and 18, which are in contact with carbon monoxide containing gas can be adjusted to different 
temperature ranges without effecting the composition of the product gas 22 leaving the adiabatic refbmier 
17, by varying the split ratio in which the partially primary refmtned gas from the first gas heat reactor 11 Is 
passed in parallel to the conventional heated primary refomter 15 and Ihe second gas heated reactor 18. 
Thereby, it is possible to control ihe temperature to ranges outside the crHicai tempenrtues for metal 
dusting. 
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Having thus described the Invention in detail, it is to be understood that the foregoing description and 
example are given only to Illustrate and exemplify the present Invention, dianges and alterations, whldi will 
be readily apparent to ttiose skilled In tfie art, are contemplated as witiiln tiie scope of the present Invention 
which Is Omited only by the claims which fbllow. 

Ctalms 



1. In a process for hydrocarbon conversion by prtmary and secondary refbrnting ttie Improvement 
compMisos: 

0) reacting a process gas stream of iiydrocarbon feed and steam In a firet gas heated reactor In tt»e 
presence of a steam reffomilng catalyst to a partially primary refonnied process gas stream by 
indirect heat exchange wftii a moderately hot product gas stream from the shell side of a second 
gas heated reactor Introduced Into ttie shell side of ttie first gas heated reactor in counter-flow to ttie 
reacting process gas stream in tfw first gas iieated reactor, 

fiO dividing tiie partially primary refbrnied process gas stream from tiie first gas heated reactor into a 
first and second substream; 

(III) reacting the first substream In tiie presence of a steam relbnning catalyst in a convertlve heated 
tubular reactor fumade to a primary reformed gas stream; 

Ov) reacting tfie second substream in tiie second gas healed rejictor In tiie presence of a steam 
relbnning catalyst by indirect heal exchange with a hot product gas stream from an adiabatic 
secondary refqmiing reactor Introduced into the sheti side of ttie second gas heated reactor In 
parallel-flow to tiie reacting second substream In the second gas healed reactor to provide a primary 
rofbnned gas stream and to cool tfie hot pnxiuct gas stream to tiie moderately hot product gas 
stream; 

(v) combining the primary refbmied gas stream obtained in (Ifl) and (iv); and 
(vO reacting the combined primary refbnned gas stream in ttie adiabatic secondary refbnning reactor 
witfi an oxidant gas In ttie presence of a secondary steam reforming catalyst to fbrm the hot product 
gas stream. 

2. The process of claim 1 . wherein tiie oxidant gas consists of air. 

3. The process of dafm 1, wherein tiie oxidant gas consists of Qxygen^nriched air. 

4. The process of claim 1, wherein ttie wall temperature at ttie shell side of tiie first gas heated reactor is 

betweenSOO Cand770 C and between 770*0 and 920' Cat ttie shell side of the second gas heated 
reactor. 

6, The process of dafm 1, wherein ttie wall temperature at ttie shell side of the first gas heated reactor is 

between 550 Cand730 C and between 835'C and 885* Cat tfie shell side of tiie second oas healed 
reactor. 



6. A reactor system for canrying out ttie hydrocarbon conversion process as claimed In dafm 1. 
comprising: 

Q) a first gas heated reactor witti rofomiing tubes for partially primary refonnlng of a hydrocarbon 
fteed with steam, adapted to receive heat by indirect counterflow heat exchange witti a moderately 
hot product gas stream introduced into tiie shell side of ttie reactor, 

(11) means for dh^idlng ttie partially refbnned process gas from tfie first gas heated reactor Mo a first 
and second substream; 

(ill) a tubular reactor furnace witfi refonnlng tubes and means for producing radiant heat by burning 
fuel, and adapted to receive and react tiie first substream to produce a primary refbmied gas 
stream; 

Ov) a second gas heated reactor witfi refbnning tubes for receiving and primary refbmiing tfie 
second substream, adapted to receh^e heat by Indirect parallel-flow heat exchange witfi a hot 
product gas stream introduced into tfie shefl side of tfie reactor to produce a primary reformed gas 
steam and to cool tfie hot product gas stream to tfie moderately hot pnxlucl gas stream; 

(v) means for combining and passing tfie primary refomied gas stream obtained in ttie tubular 
reactor fiimace and In ttie second gas heated reactor to an adiabatic secondary refbnning reactor 

(vi) means for passing an oxidant gas to tiie adiabatic readon 
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(vil) the adlalratic reactor adapted to receive and react the combined primary reformed gas stream 
with an oxfdarit gas to produce the hot product gas stream; 

(vili) means for passing and introducing the hot pno-duct gas stream from the adiabatic reactor into 
the shell side of second gas heated reactor; and 

(be) means fbr passing and introducing the moderately hot product gas stream from the second gas 
heated reactor into the shell side of the first gas heated reactor. 

7. The reactor system of claim 6, wherein the refbnning tubes in the first and second gas heated reactor 
have bottleneck inlet sides. 

a The reactor system of daim 7. wherein the bottleneck inlet sides of the reforming tubes are telescopic 
suspended in a tubesheet at the inlet side of the tubes. 

9. Hie reactor system of clalrh 8» wherein the telescopic suspension of the refomiing tubes Is provided by 
beltows concentric surrounding the inlet of the tubes and being fastened to the Inlets of the tubes and 
on the tut)e-sheet 

10. The reactor system of claim 6, wherein the means for dh^ding the partially reformed process gas 
comprises a valve. 
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